INTRODUCTION
Since the early work on superovulation in sexually mature cattle by Casida, Meyer, McShan & Wisnicky (1943) , many techniques have been used (Dowling, 1949; Umbaugh, 1949;  Rowson, 1951; Brock & Rowson, 1952;  Lamming Willett, McShan & Meyer, 1952; Dziuk, Donker, Nichols & Petersen, 1958; Hafez, Sugie & Gordon, 1963a) . Among the more successful reports are those of Avery, Fahning & Graham (1962) , , Hafez, Sugie & Hunt (1963b) and Scanlon, Sreenan & Gordon (1968) .
Successful superovulation in sexually immature cattle would have an economic advantage as a source of ova for experimental study and genetic advantages from the standpoints of reducing the generation interval and facilitating progeny testing of females. However, the superovulatory response in calves has been variable Jainudeen, Hafez & Lineweaver, 1966) , and fertilization rates have been low (Casida et al., 1943; Black, Ulberg, Christian & Casida, 1953; Marden, 1953; Howe, Black, Foley & Black, 1962 ; Jainudeen et al., 1966 (Chang, 1949) containing 100 units of penicillin and 0-5 mg of streptomycin per ml. Ova were also collected from animals at laparotomy, as previously described (Onuma, Hahn, Maurer & Foote, 1969) .
Ova were examined microscopically for stage of development and morpho¬ logical abnormalities. Viability was studied by culturing them in 0-2-ml droplets of heated bovine serum under 10 ml of paraffin oil (Onuma, Maurer & Foote, 1968 
Fertilization of ova
In nineteen calves inseminated with frozen semen, only 6% of ninety-six ova recovered were cleaved. However, most of these calves were inseminated by the speculum method into the cervix. In 43% of the animals, a few spermatozoa were found in the uterine flushings, indicating that some spermatozoa were transported through the cervix. When nineteen calves were inseminated with the forceps method and spermatozoa were deposited into the uterus, spermato¬ zoa were found in the uteri of all calves at slaughter and in the oviducts of about one-third of them. Of 110 ova recovered, 43% had cleaved. However, liquid semen was used with the forceps method, so from these observations it was not possible to ascertain the relative effects of site of deposition and kind of semen on fertility.
The results of an experiment designed to test directly (1) the efficacy of frozen semen versus liquid semen deposited into the uterus, and (2) the rela¬ tionship between the number of inseminations and the proportion of cleaved ova are shown in Table 4 . As an additional indication of fertilization in these animals, the one-celled ova which showed equal cleavage during culture were tabulated. When the percentage of ova which were cleaved at the time of collec¬ tion was combined with that of the one-celled ova which cleaved in culture, there was a highly significant difference between frozen and liquid semen ( <0·01).
Also, three inseminations gave a significant improvement over two insemina¬ tions in the percentage of ova cleaved at the time of ovum collection (P<005). Howe et al., 1962; Jainudeen et al., 1966) , and in cows (Hammond & Bhattacharya, 1944; Umbaugh, 1949; Rowson, 1951; Brock & Rowson, 1952; Dziuk et al., 1958; Hafez et al., 1963a, b; Scanion et al., 1968 (Onuma et al. 1969) , excepting when considerably higher levels of lh were employed . Also, it is superior to the pmsg-hcg regimen, as reported by Jainudeen et al. (1966) .
The recovery rate of ova was low. Part of this probably resulted from poor pick up of ova from the large superovulated ovaries by the small fimbriated end of the oviduct. The (Howe & Black, 1963) . Liquid semen yielded higher fertilization rates than frozen semen (Table 4) . Frozen spermatozoa may not have survived as long in the female tract. Salamon & Lightfoot (1967) found that initial fertilization with frozen ram spermatozoa was improved by intra-uterine insemination, but embryo mortality was high.
Time of ovulation was variable as judged from the cleaved ova obtained, which varied in development from two to sixteen blastomeres. This variability probably accounts for the slight improvement in cleavage rate resulting from three inseminations. Better synchronization is desirable. Nevertheless, when liquid semen was deposited in the uterus of calves two or three times, the pro¬ portion of cleaved ova was comparable to results reported for mature cows (Dowling, 1949 ; Willett et al., 1952 ; Hafez et al., 1963a, b; Scanlon et al., 1968) . Consequently, it appears that young calves may be used as suitable donors of cleaved ova for a variety of studies, particularly if recovery rates can be improved.
